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Abstract 
Purpose: To investigate the cardioprotective effect of standardized melatonin ethanol extract of Ulva 
lactuca (smEEUL) against acute myocardial infarction induced by isoproterenol (ISO). 
Methods: Male Wistar rats were divided into 6 groups of 6 rats each. Group A was control group given 
carboxymethylcellulose (CMC Na) while Group B was given ISO 85 mg/kg BW, subcutaneously. Groups 
C, D and E were given ISO plus smEEUL 250, 500 and 750 mg/kg orally, respectively. Group F was 
given melatonin 10 mg/kg. Both smEEUL and melatonin were administered for 28 days. ISO was 
injected twice, i.e., on days 29 and 30. At the end of the study, electrocardiogram (ECG) was recorded, 
and blood samples collected for myocardial necrosis enzyme assay. Macroscopic features of left 
ventricle of the heart were also examined using triphenyl tetrazolium chloride (TTC) staining 
Results: ISO-treated group demonstrated a significant (p < 0.05) elevation in the level of creatine 
kinase (CK), lactate dehydrogenase (LDH) and  aspartate aminotransferase (AST), with increase of  
64.01, 65.66 and 99.40 %, respectively,  compared with control group. ECG pattern from ISO also 
showed ST segment elevation. The groups given smEEUL reduced significantly the level of CK, LDH 
and ST segment elevation (p < 0.05). The highest dose showed a reduction (p < 0.05 of 62.52 and 
77.70 % in the levels of CK and LDH, respectively, compared with ISO treated group. Macroscopic 
examination y using TTC staining supported the above results.  
Conclusion: The results show that administration of smEEUL produces cardioprotective effect by 
restoring ST segment elevation, and reducing both the area of myocardial infarction and myocardial 
necrosis enzyme level. 
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Cardiovascular diseases remain a problem in 
Indonesia, one of which is acute myocardial 
infarction (AMI) [1]. AMI can be triggered by 
certain chemical compound resulting in the 
damage of myocardium cells [2]. In animal 
model, AMI may also induced by chemical agent. 
Isoproterenol is a nonselective β-adrenergic 
agonist for the induction of myocardial infarction 
in rats [3,4], which can modulate cellular and 
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functional responses in the heart by its reactive 
oxygen species [5]. 
 
Marine organisms are potential sources of highly 
bioactive secondary metabolites that are 
important in the development of new 
pharmaceutical agents [6]. Ulva sp is an algae 
which are numerous in coastal intertidal habitats 
worldwide [7]. Some studies have identified the 
melatonin on algae [8,9]. Melatonin also has 
been reported as the main compound of U. 
lactuca [9]. Pape and Luning, (2006) showed that 
U. lactuca contain melatonin approximately 12 
pg/g (fresh weight). Antioxidant activities and 
cardioprotective effect of melatonin have been 
reported in previous studies [10–12]. 
Administration of melatonin with the dose of 10 
mg/kg/day for 7 days in Sprague Dawley male 
rats has shown cardioprotective effect [13].  
 
Compounds of natural origin can play important 
roles in prevention and treatment of various 
diseases. The main compound of U. lactuca 
(melatonin) has been reported to have 
antioxidant and cardioprotective effect. 
Therefore, in this study, melatonin standardized 
in the ethanol extract of U. lactuca (smEEUL) 
was used to investigate the cardioprotective 







Isoproterenol hydrochloride and melatonin were 
purchased from Sigma Aldrich Co. St Louis. MO., 
USA. All other biochemical and chemical 
reagents used were of analytical grade. 
 
Collection and identification of plant 
materials 
 
Ulva lactuca L were collected at low tide in the 
afternoon in January 2015 from Drini Beach, 
Yogyakarta, Indonesia. Plant species was 
authenticated by Sujadmiko from Systematical 
Plant Laboratory, Faculty of Biology, Gadjah 
Mada University. A voucher specimen (no. 
0626/S.Tb/I/2015) was deposited in the 
herbarium of Faculty of Pharmacy, Ahmad 




Plant extraction was performed as previously 
described [14]. Briefly, algaes were washed with 
water, dried and were grinded to make powder. 
The powder was extracted with 96 % ethanol by 
maceration method. Ethanol extract then was 
evaporated with a vacuum rotary evaporator at 4 
oC. The extract was filtered and dried at high 
vacuum and then stored in the refrigerator. 
 
Identification and determination of melatonin 
in ethanol extract of U. lactuca L 
 
Identification of melatonin was performed by thin 
layer chromatography (TLC) method [15]. TLC 
elution was carried out on Silica F254 eluted with 
a mobile phase of n-butanol-acetic acid-water 
(12: 3: 5) with melatonin as standard and then 
observed under UV light at 254 nm. 
Determination of melatonin content was carried 
out using TLC densitometry and quantitated 
using the calibration curve of melatonin (0-2.0 
mg/ml).  
 
Treatment of animals 
 
Male albino Wistar rats aged 7 - 8 weeks were 
used in this study. The animals were housed in 
air conditioned room and were kept in standard 
laboratory condition, which included a 12-h light-
dark cycle and temperature (25 ± 2)  º C. The 
rats were fed with standard pellet diet AD-2 
(Comfeed Industries Ltd) and water ad libitum. 
All procedures related with animal experiments 
were approved by the Animal Ethical Committee 
of Integrated Laboratory of Research and Testing 
(LPPT), Gadjah Mada University (no. 205/KEC-
LPPT/XII/2014). Equipment including handling 
and sacrificing of the animals were in accordance 
with the Guide for the Care and Use of 





The procedure used followed that described 
previously [17]. The animals were randomly 
divided into 6 groups of 6 rats. Group A was 
control group and received carboxymethyl-
cellulose (CMC-Na). Group B was given 
isoproterenol 85 mg/kg BW- (ISO). Groups C, D, 
and E were given ISO plus smEEUL 250, 500 
and 750 mg/kg BW, respectively. Group F was 
given melatonin 10 mg/kg BW. Both smEEUL 
and melatonin were orally administrated for 28 
days. ISO was injected subcutaneously twice, at 
days 29 and 30. At the end of the study (day 31), 
all the animals were anesthetized, 
electrocardiogram was recorded, and blood 
samples were collected from the infraorbital 
sinus for cardiac necrosis enzyme determination. 
Macroscopic features from left ventricle of the 
heart were also examined by using TTC staining 
to determine the area of myocardial infarction. 
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Rats were anesthetized with intraperitoneal 
injection of pentobarbital sodium (50 mg/kg BW). 
Needle electrodes were inserted under the skin 
(lead II position) and then ECG was recorded 
using animal electrocardiograph Nihon Kohden 
[2]. Changes in P-wave, QRS Complex and ST 
segment were determined from 
electrocardiogram result [17]. 
 
Triphenyl tetrazolium chloride (TTC) staining 
 
Myocardial infarction staining was done as 
mentioned by Lie et al [17]. In brief, the heart 
was transversely cut across the left ventricle, and 
sections of 2 to 3 mm thick were incubated in 2 
% TTC solution prepared in phosphate buffer (pH 
7.4) for 60 min at 37 ºC, following which they 
were fixed with 10 % formalin. The slices 
subsequently were photographed using a digital 
camera, and the % infarction was analyzed using 
the computerized Image J (1.40g Wayne 
Rasband National Institutes of Health, USA). 
 
Biochemical analysis of cardiac necrosis 
enzyme marker 
 
Animals were anesthetized (intraperitoneal 
injection of pentobarbital sodium 50 mg/kg BW), 
and blood was collected via infraorbital sinus. 
Plasma was separated by centrifugation 5000 xg 
at 4 ºC for 15 min and then kept at -80 ºC for 
enzyme analysis. The markers of cardiac 
necrosis, such as creatine kinase (CK), lactate 
dehyrogenase (LDH) aspartate aminotransferase 
(AST) and alanine aminotransferase (ALT)  in the 
plasma were then determined by commercial 
diagnostic kits (Biovision, Milpitas, CA 95035 




Electrocardiogram results (duration of basal 
amplitude of P wave, QRS complex, ST-
segment), the area of myocardial infarction and 
the level of cardiac necrosis enzyme were 
expressed as mean ± SEM and were analysed 
by one-way ANOVA followed by Dunnett’s test 
for multiple comparison using  SPSS version 
16.0 for Windows. The results were considered 




Presence of melatonin in smEEUL 
 
The identification of smEEUL by TLC 
densitometer method showed the presence of 
melatonin with retardation factor (Rf) 0.78   co-
chromatographed with melatonin standard. The 
content of melatonin in smEEUL is 0.52 ± 0.04 % 
(0.52 mg melatonin/100 mg EEUL). 
 
Effect of smEEUL on electrocardiogram 
parameters 
 
Figure 1 shows the effect of smEEUL 
administration on the electrocardiogram 
parameter. Isoproterenol administration of 85 
mg/kg BW for 2 consecutive days led to acute 
myocardial infarction. ISO group demonstrated a 
decrease (p < 0.05) of the P wave and the QRS 
complex and elevation in the ST segment. 
However administration of various dose of 
smEEUL restored electrocardiogram parameter, 
such as, an increased in the P wave and the 
QRS complex and a decreased ST segment 
compared with ISO (p < 0.10). 
 
Effect of smEEUL on the area of myocardial 
infarction 
 
It can be seen in Figure 2, by using TTC staining 
that the ISO-induced group showed a large 
infarct area (white to yellow colour area), while 
the control group demonstrated a red colour 
area.  ISO-induced group showed a significant (p 
< 0.05) increase of the myocardial infarction area 
(100 %), compared with the control-group. 
Administration of smEEUL at doses of 250, 500 
and 750 mg/kg BW reduced (p < 0.05) the 
myocardial infarction area state as shown by 
48.55 %, 81.82 %, and 57.43 %, respectively 
compared with ISO treated group. The highest 
reduction of the area infarction can be found in 
the group treated with smEEUL 500 mg/kg BW. 
 
Effect of smEEUL on the level of myocardial 
necrosis enzyme markers 
 
As shown in Figure 3, ISO treated group 
demonstrated a significant (p < 0.05) elevation in 
the level of creatine kinase (CK), laktat 
dehydrogenase (LDH) and aspartate 
aminotransferase (AST); an increase of 64.01 %, 
65.66 % and 99.40 % respectively compared 
with the control group. Treatment with smEEUL 
250, 500,  750 mg/kg BW  and  melatonin 10 
mg/kg BW reduce the level of CK by 26.48 %, 
41.21 %, 62.52 % and 61.54 %, respectively,  
compared with ISO group. Compared with ISO 
treated group, the level of LDH was significantly 
(p < 0.05) reduced by 24.07 %, 64.28 %, 77.70 
% and 59.34 % in group treated with smEEUL 
250, 500,  750 mg/kg BW  and  melatonin 10 
mg/kg BW, respectively. 
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Figure 1: Effect of smEEUL on electrocardiogram parameters. P wave, QRS complex and ST segment are 
expressed as mean ± SEM. *p < 0.05 compared with control; and #p < 0.05 compared with ISO. A = control 
group; B = ISO group; C = smEEUL 250 group; D = smEEUL 500 group; E = smEEUL 750 group and F = 
melatonin 10 mg/kg 
 
 
Figure 2: Area of myocardial infarction in the control and experimental animals. Normal myocardium was stained 
red, while pale white or yellow areas indicate infarct areas. Values are expressed asa mean ± SEM (n = 6); p < 
0.05 compared with control; #p < 0.05 compared with ISO 
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Figure 3: Effect of smEEUL on various cardiac necrosis enzyme marker. (All value are expressed as mean ± 




Results of this study showed that ISO 
administration at 85 mg/kg for 2 consecutive 
days in male Wistar rat led to acute myocardial 
infarction. The main criteria generally used for 
the definite diagnosis of MI is evolving pattern of 
electrocardiograph (ECG)-abnormalities. ISO 
administration lowered P wave and QRS 
complex significantly and increased elevation in 
the ST segment. It has been reported in previous 
study that administration of ISO 85 mg/kg in two 
consecutive days in male SD rat increases the 
segment ST, QT interval and lower P wave, RR 
interval and QRS complex [17].  Several studies 
also mentioned that elevation and depression of 
the ST-segment are typical in the AMI model in 
rats induced by ISO [17,18]. The change in ECG 
parameter is due to the changes in potential 
membrane in the area of infarction [17]. In this 
study various doses of smEEUL normalized ECG 
by increasing P wave and QRS complex and 
decreasing ST segment. It thus seems that the 
melatonin content of EEUL can modify potential 
membrane in the area of infarction. However, the 
mechanism is not clear. Previous study reported 
that ST-segment elevation resulted in the loss of 
cell membrane function which reflects the 
potential difference in the boundary between 
ischemic and non-ischemic zones [19]. 
 
Reactive oxygen species (ROS) are formed in 
the myocardium due to ISO administration.  
Mechanism of ISO-induced AMI involves causing 
impaired balance between the formation of free 
radicals and antioxidative defense system, 
cardiac dysfunction, increased lipid peroxidation 
and altered enzyme activity which affects the 
heart muscle [4]. Myocardial infarction increased 
activities of these marker enzymes (CK, LDH, 
AST and ALT) in the plasma and this indicates 
cellular damage and loss of functional 
permeability of the cell membrane [20]. 
Administration of smEEUL decreased the level of 
these enzyme markers of myocardial necrosis 
(CK and LDH, p < 0.05). This indicates the 
protective action of smEEUL in preventing 
myocardial cell and membrane permeability 
damage by ISO. 
 
Result in this study also demonstrated that 
smEEUL contains melatonin 0.52 mg in 100 mg 
EEUL. Therefore, smEEUL 250, 500 and 750 
mg/kg BW contains 1.3, 2.6 and 3.9 mg 
melatonin respectively. The content of melatonin 
in this study is lower than mentioned in previous 
study. However, these above doses still have 
cardioprotective effect as shown from our study. 
Patel et al [] reported that administration of pure 
melatonin 10 mg/kg BW for 7 days has 
cardioprotective effects via its ability to restore 
ST segment elevation, and reduce myocardial 
necrosis enzyme marker [13]. 
 
Previous studies have shown an increase in 
infarct area due to isoproterenol as indicated with 
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white to yellow colour by using TTC staining 
[2,21]. In this study, the level of the enzyme 
marker of myocardial necrosis (LDH) supported 
TTC staining results. It has been reported that 
the area of infarction show loss of membrane 
integrity that occurs because of the release of 
lactate dehydrogenase [21,22]. Administration of 
smEEUL not only significantly decreased the 
myocardial infarct area by TTC staining but also 
decreased the level of LDH. 
 
Melatonin is not the only content of U. lactuca 
[23]. Previous research by Abirami et al and El-
Baky proved that U. lactuca have active chemical 
compound, such as chlorophyll, carotenoids, 
vitamin C, polyphenols and polysaccaharides 
sulfate which have a role as an antioxidant 
[24,25]. Thus, in this study, the cardioprotective 
effect of smEEUL is not only as a result of 
melatonin, but also possibly by combining effects 
of melatonin and various compounds mentioned 
above such as chlorophyll, carotenoids, vitamin 




Oral administration of smEEUL for 28 days 
exhibits cardioprotective effect in rats by 
restoring ST segment elevation, as well as 
reducing the area of myocardial infarction and 
myocardial necrosis enzyme level. smEEUL has 
a potential to be developed to a cardiopreventive 
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